Despite the well-documented adverse health effects of cigarette smoking, cigarette smokers and users of other tobacco products have lower rates of Parkinson's disease than nonsmokers/nonusers do. Rates of Parkinson's disease decrease as dose of cigarettes per day and number of years of smoking increase, and they increase as number of years since quitting increases (1) (2) (3) (4) (5) . In longitudinal studies, current smokers, compared with never smokers, were found to have one-third the risk of Parkinson's disease (5) . Among men never smokers, use of smokeless tobacco was also associated with lower rates of Parkinson's disease (6, 7) . In an ecologic study, country-specific variations in gender ratios of Parkinson's disease over time were found to be correlated with variations in gender ratios of smoking (8) .
Whether the observed inverse associations between smoking and Parkinson's disease are causal remains controversial; the association could be explained by a stillunknown third factor that increases the risk of Parkinson's disease and also causes an aversion to smoking. This factor is unlikely to be genetic because, in monozygotic and dizygotic twin studies, which control tightly for genetics and shared environment, smoking remains associated with Parkinson's disease (9, 10) . However, confounding by an environmental factor cannot be eliminated by twin studies. For example, a person could be exposed to a toxic chemical or an infectious agent that causes subclinical damage to the dopaminergic system, which is involved in novelty seeking and addiction, and this exposure could reduce his or her desire to smoke while independently increasing the risk of Parkinson's disease. This apparently intractable confounding could be circumvented by examining the relation between parental smoking and risk of Parkinson's disease because the hypothetical toxic chemical or infectious agent is less likely to affect parents' smoking behavior, which is typically established before the birth of the first child (11) . Children of smokers are exposed to environmental smoke and are more likely to become smokers themselves, so if smoking is truly protective, they would be expected to have a lower risk of Parkinson's disease than children of parents who do not smoke. On the other hand, if the association between smoking and Parkinson's disease were due to exposure to a toxic chemical or an infectious agent, no relation would be expected between parental smoking, which was established prior to the offspring being exposed, and Parkinson's disease risk. We examined the association between parental smoking and Parkinson's disease rates in the Nurses' Health Study and Health Professionals Follow-up Study in the United States.
MATERIALS AND METHODS

Study population
The Nurses' Health Study enrolled 121,701 female nurses aged 35-55 years who returned a mailed questionnaire in 1976 regarding lifestyle and medical history (12) . The Health Professionals Follow-up Study enrolled 51,529 males aged 40-75 years who returned a similar questionnaire in 1986 (13) . Participants of both cohorts have received follow-up questionnaires biennially to record newly diagnosed illnesses and to update lifestyle and dietary information.
Case ascertainment
Health Professionals Follow-up Study and Nurses' Health Study participants were first asked about a lifetime diagnosis of Parkinson's disease on the 1988 and 1994 questionnaires, respectively, and on every follow-up questionnaire thereafter. Confirmation of self-reported Parkinson's disease has been described elsewhere (14) . Briefly, permission to contact the treating neurologist was sought from participants who reported a new diagnosis of Parkinson's disease. Neurologists (or internists if the neurologists did not respond) were then asked to complete a questionnaire to provide their judgment on the certainty of the diagnosis, the date on which symptoms were first noticed, and the date of diagnosis; copies of medical records were also sought. Confirmed cases of Parkinson's disease included those for which 1) the level of certainty of the diagnosis reported by the treating neurologist or internist was definite or probable, 2) the medical record indicated a final diagnosis of Parkinson's disease by a neurologist, or 3) there was evidence at a neurologic examination of at least 2 of the 3 cardinal signs of Parkinson's disease (rest tremor, rigidity, or bradykinesia) in the absence of features suggesting other diagnoses. A movement disorder specialist, blinded to exposure status, reviewed the medical records. Overall, the diagnosis was confirmed by the treating neurologist in 84.6% and by the treating internist in 9.7% . Mantel-Haenzel age-adjusted incidence relative rates and 95% confidence intervals were obtained relative to the incidence rates for those whose parents did not smoke. To adjust for other risk factors for Parkinson's disease, we used Cox proportional hazards analysis. A Wald test determined whether the relative rate from each study was heterogeneous. A pooled relative rate was calculated by weighting the study-specific log relative rate by the inverse of their variances using a random-effects model (15) . All reported P values are 2-sided.
RESULTS
During 26 years of follow-up in the Nurses' Health Study, 328 newly diagnosed Parkinson's disease cases were documented. The 1982 questionnaire was completed by 110,163 eligible women; of these, 92,921 gave information on parental smoking (287 cases). During 18 years of follow-up in the Health Professionals Follow-up Study, 384 newly diagnosed Parkinson's disease cases were documented. The As expected, participants' baseline smoking status was predicted by parental smoking. Ever smokers constituted 69% of the women and 57% of the men whose parents were both smokers but only 46% of the women (P < 0.0001) and 41% of the men (P < 0.0001) whose parents were both nonsmokers. We calculated expected relative rates of Parkinson's disease for each level of parental smoking status as the averages of published study-specific relative rates for pack-years (2) weighted by the distribution of pack-years of smoking at baseline within each category of parental smoking. We conservatively predicted a reduction in risk of Parkinson's disease of 11% for men and 13% for women who reported that both parents smoked compared with those who reported that neither parent smoked. Daily caffeine and alcohol intake was higher among those whose parents smoked (Table 1) .
Among both men and women, the risk of Parkinson's disease was lower for individuals who reported that both parents were smokers than for those who reported that neither parent smoked (Table 2) . In a pooled analysis, those reporting that both parents were smokers had a 27% lower risk of Parkinson's disease than those reporting that neither parent smoked (relative rate ¼ 0.73, 95% confidence interval: 0.53, 1.00; P-trend ¼ 0.04) ( Table 2) . We further adjusted the pooled data for caffeine and alcohol intake at baseline and found that the effect estimate did not materially change but, as expected, that confidence intervals were wider (pooled relative rate ¼ 0.76, 95% confidence interval: 0.55, 1.05).
We then restricted the multivariable pooled analysis to never smokers at baseline. There was no association between parental smoking and Parkinson's disease, as would be expected if the effect of parental smoking is primarily mediated through smoking by the offspring.
DISCUSSION
In this pooled analysis of 2 large cohorts, risk of Parkinson's disease was 27% lower for individuals whose parents smoked than for individuals whose parents were nonsmokers. An inverse association between smoking and Parkinson's disease has been found in numerous epidemiologic studies, but consensus is lacking as to whether the relation is causal, due to confounding, or a result of reverse causation. If the desire to initiate or continue smoking and Parkinson's disease were both independently affected by a third factor, then parental smoking should not be related to Parkinson's disease risk. This causal structure is illustrated with directed acyclic graphs (Figure 1) (16, 17) . Under the paradigm of reverse causation, where subclinical disease influences smoking behavior, parental smoking would also not predict Parkinson's disease in offspring (Figure 2 ). Were smoking truly protective against Parkinson's disease, and parental smoking predicted smoking, then parental smoking would be expected to be inversely associated with Parkinson's disease, as we found (Figure 3 ). An inverse association between parental smoking and Parkinson's disease could exist under other scenarios. The possibility cannot be ruled out, for example, that an exposure such as a toxic or infectious agent in a family could affect parental smoking behavior as well as the future risk of Parkinson's disease for both parents and children (Figure 4) . Alternatively, a toxic or infectious agent may be more common in a household where there is parental smoking (Figure 5 ). Such an exposure would have to be transgenerational, affecting both parent and child in early life, and to be present in all of the settings in which the association between smoking and Parkinson's disease has been found.
Our analysis provides a novel approach to assessing causality, and, when taken with the results of previous longitudinal (1-5) and ecologic (8) studies, suggests a causal interpretation of the relation between smoking and Parkinson's disease over confounding or reverse causation. However, causality cannot be proven until a mechanism is elucidated (18) .
Our interest in smoking and Parkinson's disease is etiologic. Smoking is hugely damaging to health; any benefit derived from a reduction in risk of Parkinson's disease is outweighed by the increased risks of cancer and cardiovascular disease. This, however, should not be an impediment to evaluating tobacco components for possible neuroprotective effects.
